Toward the elucidation of the structural determinants responsible for the molecular recognition between Mad1 and Max.
Mad1 is a member of the Mad family. This family is part of the larger Myc/Max/Mad b-HLH-LZ eukaryotic transcription-factor network. Mad1 forms a specific heterodimer with Max and acts as a transcriptional repressor when bound to an E-box sequence (CACGTG) found in the promoter of c-Myc target genes. Mad1 cannot form a complex with DNA by itself under physiological conditions. A global model for the molecular recognition has emerged in which the Mad1 b-HLH-LZ homodimer is destabilized and the Mad/Max b-HLH-LZ heterodimer is favored. The detailed structural determinants responsible for the molecular recognition remain largely unknown. In this study, we focus on the elucidation of the structural determinants responsible for the destabilization of the Mad1 b-HLH-LZ homodimer. Conserved acidic residues at the dimerization interface (position a) of the LZ of all Max-interacting proteins have been hypothesized to be involved in the destabilization of the homodimeric states. In Mad1, this position corresponds to residue Asp 112. As reported for the complete gene product of Mad1, we show that wild-type b-HLH-LZ does not homodimerize or bind DNA under physiological conditions. On the other hand, the single mutation of Asp 112 to an Asn enables the b-HLH-LZ to dimerize and bind DNA. Our results suggest that Asp 112 is implicated in the destabilization of Mad1 b-HLH-LZ homodimer. Interestingly, this side chain is observed to form a salt bridge at the interface of the LZ domain in the crystal structure of Mad1/Max heterodimeric b-HLH-LZ bound to DNA [Nair, S. K., and Burley, S. K. (2003) Cell 112, 193-205]. This clearly suggests that Asp 112 plays a crucial role in the molecular recognition between Max and Mad1.